Total pressure i n a c a l i b r a t i o n volume i s determined by measuring %he f o r c e on a t h i n c i r c u l a r d i s c , of accurately-known area, t h a t i s f r e e l y suspended i n a hole i n t h e container wall, so t h a t t h e d i s c i s s u b s t a n t i a l l y f l u s h with t h e wall. The d i s c almost f i l l s t h e hole, so t h a t t h e r e i s a narrow annular gap. A continuous flow of c a l i b r a t i n g gas, i n j e c t e d i n t o t h e container i n order t o maintain a desired pressure, passes through t h e annular gap t o a d i f f u s i o n pump. The r a t i o of pressures on t h e two faces of t h e d i s c i s on t h e order o f 100:1, so t h a t downstream pressure need be known only nominally i n order t o deduce t h e upstream pressure. Force on t h e d i s c i s measured by a balance t h a t i s c a l i b r a t e d i n s i t u with dead weights, In one arrangement, pressures i n t h e range o f 10-500 pTorr were measured with an estimated probable e r r o r o f ( 1 pTorr + I$). P EIG 7 t h e equivalent indicated p r e s s u r e o f gas G, by The r a t i o PEIJp approaches unity a s ( CZ p . )IPG +O. J Determination o f p r e q u i r e s a knowledge of s f o r t h e mass 0 J spectrometer; determination of p EIG f o r t h e i o n gauges being c a l j b r a t e d r e q u i r e s a knowledge of s ./s f o r t h e p r i n c i p a l contaminants. However, J G t h e knowledge need not be accurate i f C.Z p . << pG. For t h e mass spectrometer, J
INTRODUCTION
The p i s t o n manometer t o be described i s intended t o provide a means f o r c a l i b r a t i n g and intercomparing s e v e r a l vacuum gauges by subjecting them 1 a l l t o a common, accurately-known pressure. Brombacher has reviewed most o f t h e various c a l i b r a t i o n methods t h a t were described p r i o r t o 1965. ~o l a n d a~ l i s t s newer volume-ratio methods. Like t h e volume-ratio and conductancepressure-divider (CPD) methods, t h e p i s t o n manometer method depends on the a b i l i t y t o c r e a t e a pressure t h a t i s very much lower than t h e lowest pressure of t h e gauge-calibration range. It uses a continuous flow of gas, like the premises of t h e c a l i b r a t i o n method. The gauges t o be c a l i b r a t e d a r e mounted on t h e periphery o f a multipart r i n g immediately above t h e baseplate of a conventional b e l l -j a r type pumping system. Gauge-tubulation axes a r e r a d i a l and coplanar. The centrally-located opening through which t h e b e l l j a r would normally be evacuated i s almost f u l l y blocked by a piston, i n t h e form o f a t h i n horizontal p l a t e . The p i s t o n i s suspended from a force-measuring device (dynamometer) and f l o a t s f r e e l y i n t h e opening i n t h e baseplate, with very small annular clearance. A second chamber, of appreciable volume and cross section, i s interposed between t h e baseplate and t h e pumping system; additional, c a l i b r a t e d gauges a r e used t o monitor t h e pressure p i n t h i s chamber, 0
Calibration gas e n t e r s a t t h e top o f t h e b e l l j a r , a t a steady r a t e controlled by a l e a k valve, and i s beamed upwards t o f a c i l i t a t e uniform d i s p e r s a l . A l l o f t h e entering gas i s removed through t h e annulus between p i s t o n and baseplate. (3) t h e annular gap c o n s t i t u t e s a s u f f i c i e n t l y high impedance t o promote equalization of pressure i n t h e volume above t h e piston; (4) t h e continuous mass flow r a t e of c a l i b r a t i n g gas i s s u f f i c i e n t l y l a r g e t o swamp the mass flow r a t e of gases desorbed by t h e b e l l jar; ( 5 ) t h e downstream pl_enm, for (1) Grounded sheet-metal b a f f l e s a r e used t o prevent l i n e -o f -s i g h t p a r t i c l e t r a n s f e r between gauges.
( 2 ) The piston-and-dynamometer assembly may be r a i s e d 10 cm o r more, by means of mechanical manipulators operated through high-vacuum s e a l s . % i s operation serves two separate purposes: it permits obtaining a "zero" reading f o r t h e condition AF = 0, and it permits i n i t i a l evacuation of t h e b e l l j a r a t f u l l speed o f t h e pumping system. A l l support designs use t h r e e supporting wires, hooked t o t h e bent corners of a small t r i a n g u l a r p l a t e , shown a t t h e t o p o f types of systems f o r gauge calibration--a low-pressure system and a highpressure one. To conserve space, t h e high-pressure sys tem ( 10-500 m~o r r ) w i l l not be considered any f u r t h e r than t o s t a t e t h a t i t s estimated probable e r r o r ( e ) i s (0.3 mTorr + 0.1%). The following discussion d e a l s withthe Tow-P pressure system (10-500 p ,~o r r ) , which i s t h e l e s s accurate and more i n t e r e s t i n g one.
Test Sys tem The p r i n c i p a l contaminants i n t h e t e s t system were H20 and CO, Their p a r t i a l pressures were s u b s t a n t i a l l y independent o f p when t h e c a l i b r a t i o n gas was He, N2, o r A r ; CL p j was about 4 pTorr. The e f f e c t on po i s n e g l i g i b l e when p > -10 pTorr. 
